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(54) METHOD FOR TREATING POLYSULFONE RESIN SEMIPERMEABLE MEMBRANE 

(57)Abstract: 

PURPOSE: To obtain a semi-permeable membrane with 

no eluation of blended polymers and high water r — v Q*^/ — A / — < J — 
permeability by applying radiation treatment on a "^^^^O/" Y \0/ ^^O/^^^^ 

polysulfone resin semi-permeable membrane and 
thereby corsslinking a hydrophilic polymer. 
CONSTITUTION: Radiation treatment is applied on a 

polysulfone resin semi-permeable membrane prepd. by ■ 
using a system wherein an additive being a non-solvent 
or a swelling agent to the polysulfone resin is added 
into a soln, prepd. by mixing and dissolving a polysulfone 
resin and a hydrophilic polymer, as a film- forming stock 

soln. to crosslink the hydrophilic polymer. The / — \ 
polysulfone resin ordinally consists of a repeating unit -^H^O^Sftr^O^ 
of formula I or II but it may contain a functional group 
or it may be an alkyi type. As the hydrophilic polymer, 
polyvinyl pyrrolidone is the best and modified polyvinyl 
pyrrolidone, polyethylene glycol etc., can be cited. As 
the solvent, dimethylacetamide, dimethyl sulfoxide, 
dimethylformamide, N-methyl-2-pyrrolidone are 

especially pref. As the additive, water is most pref. from the view point of production cost. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the solution which carried out the mixing dissolution of polysulfone system resin and 
the hydrophilic macromolecule — this polysulfone system resin — receiving — a non-solvent - 

-or — a swelling agent — the art of the polysulfone system^r^in semipermeable membrane. ^ 

characterized by constructing a bridge in this hydrophilic macromolecule by performing radiation 
treatment to the polysulfone system resin semipermeable membrane which manufactured the 
system which added the additive as a film production undiluted solution. 

[Claim 2] The art of the polysulfone system resin semipermeable membrane according to claim 
1 whose hydrophilic giant molecule is a polyvinyl pyrrolidone or a polyethylene glycol. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the art of polysulfone system resin 
semipermeable membrane. _ — ^ 

[0002] 

[Description of the Prior Art] Conventionally, as a material of semipermeable membrane, many 
high molecular compounds, such as a cellulose acetate polyacrylonitrile polymethyl- 
methacrylate polyamide, have been used. On the other hand, although originally used as 
engineering plastics, since polysulfone system resin has the heat-resistant stability, acid-proof 
and alkali resistance and biocompatibility, and good resistance to contamination, it attracts 
attention as a semipermeable membrane material. 

[0003] JP,58-104940,A etc. is conventionally proposed as an approach of obtaining the 
semipermeable membrane using polysulfone system resin in for example, journal OBU applied 
polymer Science (20 volumes, 2377-2394 pages, 1976) and (said 21 volumes, 1883-1900 pages 
and 1977). However, since this resin has too strong intermolecular cohesive force and 
blockades a surface hole and the internal hole which should be penetrated, control of hole 
formation becomes difficult. For this reason, only the thing with a as small and cut off molecular 
weight which also has small water permeability as [ or less ] 100,000 is obtained. On the other 
hand, the following means are proposed in recent years as an attempt which opens a big hole in 
a front face by the film using polysulfone system resin. 

[0004] ** How to use the microfacies separation between different-species polymers. (JP,48- 
176,B, JP,54-144456,A, a 57-50506 official report, a 57-50507 official report. 57-50508 official 
report) 

** How to have an extract and elution actuation after film production. (JP,54-26283,A, a 57- 
35906 official report, 58-91822 official report) 

** How to produce a film in the state of metastable liquid distribution of a film production 
undiluted solution. (JP,56-1 54051,A, a 59-58041 official report, a 59-183761 official report. 59- 
1 89903 official report) 

** How to put creativity at the time of spinning (JP,59-228016,A) 

However, by the approach of **, it has come to obtain a 100,000 or more-cut off molecular 
weight big hole only by using the difference in the coagulation rate between polymers. In order 
to blend in large quantities moreover, the original good engine performance of polysulfone 
system resin is easy to be lost. 

[0005] Moreover, the approach of** is eluted. it is large and an extract and the inorganic 
granulation of blend polymer are classified into two approaches. In the former, although the 
polyethylene glycol and the polyvinyl pyrrolidone were main polymers, obtaining sufficient 
aperture and extract operation were difficult. In the latter example, silica powder is mixed, 
elution is carried out after film production by said JP,58-91822,A, using alkali, and it is 0.05 
micrometers. Although it has succeeded in opening the above big hole, by this manufacture 
approach, the film which takes other pore size distribution from the same film production 
undiluted solution cannot be manufactured. 
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[0006] ** Just before an approach mixes the non-solvent or swelling agent of polysulfone 
system resin in large quantities to a film production undiluted solution and this film production 
undiluted solution carries out phase separation, it is a thing which it is and which produces a 
film by the way. By this approach, there is a fault which cannot use the temperature effect of a 
coagulation bath advantageously. 

[0007] ** Although an approach is spraying the wind of high humidity at the time of film 
production and aperture expansion in this front face is realized, if there is the effectiveness 
only in one side and it results especially in a hollow fiber, by this approach, only the thing of the 
range where a cut off molecular weight is small is obtained. 

[0008] Especially the semipermeable membrane that blended water-soluble polymers, such as a 
polyvinyl pyrrolidone. a polyethylene glycol, and polyvinyl alcohol, had the fault which can do 
only what has permeable low ability for the elution problem of this water-soluble polymer, and 
the swelling layer of this water-soluble polymer. 
[0009] 

[Problem(s) to be Solved by the Invention] this invention persons analyzed the above- 
mentioned fault, and as a result of inquiring wholeheartedly, they reached this invention. 
Especially, there is no elution of blend p"olymer and it aims' at*Sffering the art of poly^ifd'R^ 
system resin semipermeable membrane for obtaining the very high semipermeable membrane of 
permeable ability. 
[0010] 

[Means for Solving the Problem] This invention has the next configuration, that is the solution 
which carried out the mixing dissolution of "polysulfone system resin and the hydrophilic 
macromolecule — this polysulfone system resin — receiving — a non-solvent — or — a 
swelling agent — by performing radiation treatment to the polysulfone system resin 
semipermeable membrane which manufactured the system which added the additive as a film 
production undiluted solution art of the polysulfone system resin semipermeable membrane 
characterized by constructing a bridge in this hydrophilic macromolecule. The film production 
undiluted solution used in order to manufacture polysulfone system resin semipermeable 
membrane in" this invention consists of 4 component systems which consist of polysulfone 
system resin (I), a hydrophilic macromolecule (II), a solvent (III), and an additive (IV) 
fundamentally. The polysulfone system resin (I) said here is usually a formula (1) or a formula 
(2). 



[Formula 1] 




(1) 




Although it consists of a ********** unit, the functional group is included, or you may be the 
thing of an alkyi system and it does not limit especially. 

[0011] A hydrophilic macromolecule (II) is a macromolecule which there are polysulfone system 
resin (I) and compatibility, and has a hydrophilic property. Although a polyvinyl pyrrolidone is the 
best and a denaturation polyvinyl pyrrolidone, a copolymerization polyvinyl pyrrolidone, polyvinyl 
acetate, a polyethylene glycol, etc. are mentioned to others, it is not limited to these. 
[0012] Both solvents (III) are solvents which dissolve polysulfone system resin (I) and a 
hydrophilic macromolecule (II). Although the solvent of varieties, such as dimethyl sulfoxide, 
dimethylacetamide, dimethylformamide, a N-methy|-2-pyrrolidone, and dioxane, is used, 
dimethylacetamide, dimethyl sulfoxide, dimethylformamide, and a N-methyl-2-pyrrolidone are 
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especially desirable. 

[0013] If an additive (IV) has a solvent (III) and compatibility, and serves as a good solvent of a 
hydrophilic macromolecule (II) and it becomes the non-solvent of polysulfone system resin (I), 
or a swelling agent, anything, it is good, for example, has water, a methanol, ethanol, isopropanol. 
a hexanol, 1 ,4-butanediol, etc. Considering a production cost, water is the most desirable. What 
is necessary is just to choose an additive (IV), after taking the freezing characteristic over 
polysulfone system resin (I) into consideration. 

[0014] Easy for men of the same trade considers the combination which is arbitrary in each as 
for these combination, and has the above-mentioned property. Moreover, the mixed stock of 
two or more kinds of compounds is sufficient as a solvent (III) and an additive (IV). 
[0015] As a presentation of this film production .undiluted solution, polysulfone system resin (I) 
is 5 - 50 % of the weight that what is necessary is just thejiensity range which can produce a 
film and has a property as film. In order to obtain high water permeability and a big cut off 
molecular weight, polymer concentration should be lowered and is 5 - 20 % of the weight 
desirably in this case. It becomes impossible to obtain sufficient viscosity of a film production 
undiluted solution, but to form the film at less than 5 % of the weight. Moreover, if 50 % of the 
weight is exceeded, it will be hard coming to form a through fSBe. In the case of a poly^nyP'*'™^ 
pyrrolidone, the thing of molecular weight 360.000. 160.000, 40.000, and 10,000 is marketed, as 
for especially the hydrophilic giant molecule (II), it is convenient to use this, but the thing of the 
other natural molecular weight may be used for it. However, as one of the reasons of addition of 
a hydrophilic macromolecule (II). for a certain reason, it is so little that the thickening 
effectiveness also uses the thing of the amount of macromolecules, is good, and an addition's 
can improve film production nature. One to 20% of the weight, although especially the addition of 
a polyvinyl pyrrolidone has 3-10 desirable % of the weight, it is influenced by the molecular 
weight of the polyvinyl pyrrolidone to be used. If film production nature is bad when molecular 
weight is too low, and polymer concentration is high and polymer molecular weight is too large 
when there are generally too few additions, washing after film production will become difficult. 
So, it also becomes one approach to mix that from which molecular weight differs, to carry out 
a role assignment, and to use. 

[0016] The mixed dissolution of the two macromolecules is carried out above at a solvent (III). 
Although an additive (IV) is added here, since freezing characteristic is high for polysulfone 
system resin especially in the case of water, 1 - 5 % of the weight is especially preferably 
desirable one to 12% of the weight 15 or less % of the weight. When using an additive with small 
freezing characteristic, it is guessed easily that an addition increases. In this invention, since 
this 4th component is added, the amount of a hydrophilic macromolecule can be lessened. 
[0017] Polysulfone system resin semipermeable membrane is obtained under the above 
conditions. Film production actuation should just use a well-known technique. About a flat film, 
this film production undiluted solution is flowed on a flat substrate, and it is immersed into a 
coagulation bath after that. About a hollow fiber, in order to maintain a hollow gestalt, infusion is 
used, although it is [ spinning stability ] better to use a thing lower than the high thing of 
freezing characteristic for infusion to a film production undiluted solution — coagulation bath 
temperature and phase separation temperature, and a mouthpiece — what is necessary is just 
to decide the best presentation suitably, since the smooth nature of a hollow fiber wall changes 
by correlation with temperature Hydrocarbons, such as the inactive Deccan octane undecane, 
may be used for polysulfone system resin. Moreover, a gas may be poured in and a hollow 
gestalt may be made to hold. Dry type length is 0.1 -20cm. and 0.5-5cm is [ spinning stability ] 
still more desirable especially well. When a film is produced on the same presentation and the 
same conditions, the diameter of the hole which the flat film punctures on a front face from a 
hollow fiber tends to become large. 

[0018] The polysulfone system resin semipermeable membrane obtained by this approach can 
improve water wettability by making a hydrophilic macromolecule remain in the film. However, 
when a residual hydrophilic-property macromolecule is water solubility, the elution of this 
hydrophilic macromolecule is not avoided and it has the fault [ water permeability / of an 
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aperture / comparatively high ] of being difficult to get again. This invention compensates this 
fault more than enough, is irradiating the radiation of extent with which polysulfone system 
resin's does not become transformation, deterioration, or practical use impossible about this 
polysulfone system semipermeable membrane obtained first, and carries out water 
insolubilization processing of the hydrophilic macromolecule by bridge formation. As long as this 
polysulfone system resin semipermeable membrane is the gestalt which can perform this 
processing regardless of a flat film and a hollow fiber, it may have what kind of gestalt. 
Moreover, radiation treatment here has the viewpoint of matter permeability to the most 
desirable gamma ray. although alpha rays, beta rays, a gamma ray. an X-ray, and an electron ray 
are raised. 

[0019] It is most desirable to carry out gamma irradiation, after this semipermeable membrane 
has got wet in water especially about gamma ray processing in radiation treatment. As dosage. 
O.SMrad to 50Mrad(s) are desirable, and 0.5Mrad from a viewpoint of mechanical property 
maintenance of this semipermeable membrane to lOMrad(s) are especially desirable. 
[0020] In addition, based on the artificial organ criteria eluting material test method, the 
following evaluations were performed about the polysulfone system resin semipermeable 
membrane of this invention. ~ " "" 

[0021] The solution which heated 0.5g of film with 50 cc of 70-degree-C warm water for 1 hour 
is the wavelength of 350-220 micrometers. UV absorption which can be set is 0.1 or less and 
0.01NKMnO4. The consumption of 1.0ml or less of a water solution can be shown, and this trial 
can be passed. 
[0022] 

[Example] The following examples explain this invention to a detail further. 
[0023] Hereafter, the used measuring method is as follows. 

[0024] In the case of the permeable hollow fiber, this hollow fiber was inserted in the glass case 
which equipped both ends with the hole for ring current liquid, it produced the small module 
using the commercial potting agent, and measured permeable ability by the approach of 
computing from the amount of the water of fixed time amount which keeps at 37 degrees C, 
pours water pressure on the hollow filament inside, and is penetrated outside through the film, 
an effective film surface product, and the differential pressure between film. 
[0025] The heating dissolution of the example 1 polysulfone 15 section, the polyvinyl- 
pyrrolidone (K90) 8 section, and the water 2.4 section was carried out at 80 degrees C at the 
dimethylacetamide 75 section. This film production undiluted solution turned into a cold melting 
mold undiluted solution which carries out phase separation at 65 degrees C. the mouthpiece 
which uses dimethyl sulfoxide / glycerol / polyvinyl-pyrrolidone (K30) =63/7/30 for infusion, 
and consists of an annular orifice with an outer diameter [ of 1.0mm ], and a bore of 0.7mm — it 
breathes out out of a hole — making — a mouthpiece — the coagulation bath which has water 
which kept it warm at 80 degrees C caudad installed 1.0cm from the field was passed, it rolled 
round to the skein after rinsing by the usual approach, and the hollow filament-like film was 
obtained. The mouthpiece kept it warm at 49 degrees C. When gamma irradiation processing of 
2.5Mrad(s) was performed on this film, it was the absorbance 0.098 of permeable 4800 
ml/hr/m2 / mmHg, and an effluent. 

[0026] It was 730, when water permeability was measured without carrying out gamma 
irradiation processing of the hollow fiber of example of comparison 1 example 1. Moreover, the 
absorbance of an effluent was 1.58. 
[0027] 

[Effect of the Invention] If this invention is processed, there is no elution of the blended 
hydrophilic macromolecule and permeable, very high semipermeable membrane can be obtained. 
Furthermore, it can develop easily for the application as perfect dry film only by being immersed 
in water by ordinary pressure from the goodness of the water wettability which recovers 
permeable ability. Moreover, this effectiveness is maintained almost eternally. 
[0028] To loading and dirt, since it is strong, the polysulfone system resin semipermeable 
membrane obtained by this processing can be used as a general industrial use way and blood 
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processing film of a medical field from a reverse osmotic membrane to high performance 
ultrafiltration membrane (or micro filter). 



[Translation done.] 
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